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I. HISTORY OF THE PROGRAM

In September, 1963, the mm-wave instrumentation program was initi-
ated as a joint effort between the Jet Propulsion Laboratory and the Electri-
cal Engineering Department of the University of Southern California. The
JPL participation was conducted through the New Circuit Elements Group oi
the Communications Elements Research Section, which provided equipment
and personnel involved primarily with the electronic instrumentation.

The Electrical Engineering Department contributed the antenna, a con-
verted 60-inch searchlight. Personnel were provided to design the antenna
and feed system, the associated drive system, etc. USC personnel also
directed the astronomical aspects of observation of the lunar eclipse of 30
December 1963, During the period from September 1963 to July 1964 USC
participation was sponsored by a grant from the Research Corporation, Con-
tract AJ4-205 638 from JPL, and financial support for salaries and equip-
ment from the EE Department, Joint Services Grant, AF-AFOSR-495-64.

In August, 1964 a JPL study contract was issued to the USC Electri-
cal Engineering Department (JPL Contract No. 951 004). The purpose of
this contract was to investigate and develop high sensitivity MM-wave re-
ceivers and the techniques of their application to scientific and technological
experimentation. The original contract period was from 1 August 1964 to
31 July 1965; however, a two-month extension changed the termination date
to 30 September 1965. A second study contract (JPL Contract No. 951 424)
was issued to cover the period from 1 October 1965 to 15 September 1966.
This contract continued the previous work as a joint JPL-USC program. The
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mm-wave radiometer and associated electronic technologies were the pri-
mary areas of interest and responsibility of JPL, although there was con-
siderable participation by USC personnel in the design and assembly stages of
the radiometer, particularly during the summer months. The chief responsi-
bilities of the USC personnel were antenna design and performance, the
scientific observational program, the theoretical analyses, and data reduction.

The overall long-range planning of the entire program was a mutual effort,



II. INSTRUMENTATION DEVELOPMENT

Since the system used for lunation measurements during the summer
of 1965 (Ref. 1) was close to the ultimate development goals, a great deal of
new equipment was not developed during the period covered by this present
report. Minor adjustments and updating of exisiing equipinent were carricd
out to provide an adequate operating system for the lunar and solar obser-
vations.

A TRG, Inc. ferrite waveguide switch was installed to replace a
deteriorating and well-used existing switch., Similarly, long usage had
degraded the output of the Tucor, Inc. gas tube and this was replaced by
an ITT, Inc. gas tube. Various combinations of mixer diodes were tried
to minimize the receiver noise figure. A new waveguide run was installed
to reduce signal loss between the waveguide horn and the mixer.

Following the lunar and solar observations and antenna pattern
measurements, it was decided to install a commercially available radio-
meter '"rear-end" in the existing system. This radiometer (AIL type
2392B Universal Radiometer) replaced part of the IF amplifiers, the
Princeton, Inc. phase detector, and parts of the DC signal system, The
advantages of having a commercial radiometer are ease of servicing,
commercial availability of parts, and compatibility with many types of
existing instrumentation. Quantitative comparisons will be made between

the original system and the AIL Radiometer and will be reported in the

next report.



III. ANTENNA DEVELOPMENT

A. Feedhorn Redesign

One component of the original radiometer needing improvement was the
antenna feedhorn. Cassegrainian optics are used in the antenna, and the
feedhorn illuminates the hyperboloidal subreflector. It is highly desirabie
that the feedhorn have an axially symmetric pattern, a relatively narrow beam,
and low sidelobes to minimize forward spillover. The original feedhorn used
in the radiometer was a dual-mode circular horn with a matching iris (Ref. 2).
However, in the haste to design this horn for the 1963 eclipse, only a minimum
effort was devoted to optimizing the design.

Furthermore, because of the matching iris, the dual-mode configuration
is quite narrow band. Currently available 90-Gc klystrons, which are used in
the radiometer as a local oscillator, are not well frequency-stabilized. The
resulting frequency instability in a narrow-band rf front end leads to degrada-
tion of radiometer gain and sensitivity. Consequently, it was felt desirable to
incorporate a different feedhorn configuration in the radiometer.

The design selected was the diagonal-horn type (Ref. 3). The horn
(shown in Figures 1 and 2) consists of three regions: an E-band waveguide
region with flange, a transition region, and a long, tapered region with
rotated square cross-section, The completed unit was gold flashed. The
measured VSWR was less than 1, 05 over a frequency range from 89.60 Gc

to 90. 30 Ge.
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Figure 2 - Diagonal Feedhorn




B. Nodding Subdish

The development of a nodding subdish beam-switching system has been
the major project of the contract period. Not only was it necessary to design,
fabricate, and test the subdish itself, it was also necessary to carry out a
detailed theoretical analysis of the electromagnetic aspects of the problem.

A preliminary description of the nodding subdish system may be found in the
last final report (Ref. 1).

1. Theoretical Analysis - Scattering from an asymmetric

hyperboloid has been solved previously in the literature (Ref. 5) using the
techniques of geometrical optics. In order to obtain more éccurate expres-
sions for important diffraction effects, the problem of scattering from a
tilted hyperboloid was solved using vector diffraction theory. The geometry
is shown in Figure 3.

| The hyperboloid is axially symmetric in the x3, z; system. The

equation for its surface in this system is

_ep
= 1
p3 1+ e cos 63 [Eqn ]

where

1
p=c(l--3)
e

= eccentricity, >1

(¢}
!
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The primary field emanates from 0 (in the x z, system) in the form of

l ’
a spherical wave and impinges on the hyperboloid. The scattered field at

the field point P is (Ref. 4)

_ - jkr

r i | |’ '1

5o ) Lo x H ] el as [ Eqn
transverse

— -iwk T —_
—e

E(P) =

N
L—d

For ease of solution, the integration is carried out in the x z, system.

3773

However, in order to compute the field scattered from the paraboloid, it is

necessary to evaluate the scattered field E(P) in the x,, z , system. Thus, three

2’72

coordinate systems are involved in the problem.

Evaluating factors in the integrand, and performing necessary coordinate

transformations, the following multi-coordinate expressions are obtained:

T
-3 in ©
£ (py - Zifken) T ) 2T .
o 21 R (1 +ecos 93)2
0
0
2T |
- i in Osin © - 0 9
p3 A6 )M(O ) Jkpl _]kp2 [sin O sin 2cos(cp Cp2)+cos cos Zjdcp "
p, AEIMEBs g e 33
0
[Eqn 3]



il

-- . e
By - cilkep) ¢ / s :
Y 2T R 2
5 (1 +e cos 93)
0
2m
P -jkpl jkp2 [sinf8sin 92 cos(Cp-Cp2)+cos Bcos 62]
= A(GIN(8,,9,) e e dep,ld8,
1 —
[Eqn 4 ]

where A(el) = primary source feed function

= (DH-EG) cos 0 cos @ + (EF-CH) cos 0 sin ® +

M(93, P
(CG-DF) (-sin 9)

3)

N(93, 693) = (DH-EG) (-sin ) + (EF-CH) cos Cp

S = in© - si ‘ 9
and C( ,cp3) cos Q’(sm3cos cp3) sin o (e + cos 3)

3
D(63, cp3) = sin 63 sin @,

0 = si in 0 8
E( ,Cp3) sin o (sin 3cosq)3)+cos o (e + cos 3)

3

F(© Cpl) = (1 + cos 91) sin @, cos Py

l,
G(O., ®».)=cos 9 sinch - cosch
1’7 1 1 1
H(el, cpl)=-51n61 sin ¢
0
kpl, kpz, 91, cpl, 5 sz are all related through

coordinate transformations
8
to 3 and q>3

EG(P)’ Ecp(P) are referred to the X552, coordinate system

Numerical integration of Equations 3 and 4 has been undertaken. The

resulting computer program is shown in the Appendix.
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, 2. Mechanical Construction and Performance - The nodding

 subdish moves between two off-axis positions, symmetric with respect to

the centerline of the operating mechanism. The axis about which the dish
moves may be indexed to give movement in any desired direction. Provision
is also made for focussing the subdish by means of an internal motor, gear
drive, and lead screw. Located on the back of the subdish is a small cam
follower and two small bearings. Located on the circular counterweight

are similar ;am follower and similar bearings. The four bearings fit into

a holder located in a fixed position with respect to the adjustment plate.

The cam followers fit into a two-track cam wheel which is driven by an ex-
ternal motor. All these various parts may be seen in Figures 4 through 10.

Rotation of the cam wheel causes approximate '"'square-wave' motion
of both the subdish and the counterweight. The subdish remains in one off-
axis position for about 45% of the rotation of the cam wheel, switches for 5%
of the rotation, remains in the second position for 45% of the rotation, and
then switches back to the first position during the remaining 5% of the cam
wheel rotation.

The nodding subdish mechanism has been set up in a permanent
laberatory bench testing apparatus. The mechanism was operated slowly for
a short period of time to observe the operation at low speeds (1 to 2 cycles
per second). The speed of operation was then increased, and close visual
and audio observations were made with regard to resonances, vibrations,
possible surface deformation, and cam wear. Although operation was ex-
tremely noisy at 8 cps (the maximum tested so far), no mirror surface

-11-
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Figure 6 - Back view of subdish assembly showing mirror
stiffening ring, bearing holders, cam follower,
cam wheel, counterweight, indexing plate, and
tripod head
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Figure 7 - Cam wheel showing symmetrical cam tracks

Figure 8 - Exploded view of hyperbolic reflector mount,
1. tor.: sleeve for main shaft, tripod head
main housing

=.15=




U

Figure 9 - Focussing and drive unit showing universal
joint for external drive, miter gear housing,
focussing screw and gear, focussing spring,
indexing plate, and bearing holders

Figure 10 - Focussing unit showing focussing motor,
focussing gears and screw, and focussing

spring
-16-




. deformations or cam follower distortions were noted using a strobe light

to "freeze' the motion of the mechanism during operation. At the present
time it is felt that operation at 6-1/6 cycles per second (a relatively smooth
operating point} is possibie {rom both an electronic and mechanical stand-
point.

3. RF Performance - Antenna pattern measurements have

o
been taken using the tilted hyperboloid in one stationary position tilted 2
from its symmetric position (axis of hyperboloid colinear with axis of

paraboloid). The total excursion from one extreme of tilt to the other is

o

4 The total beam shift between extremes is 55. 5 minutes of arc. Hence,

the deviation of the beam from its symmetric position is 27. 75 minutes of
arc.

Figures 11 and 12 show the static antenna patterns measured with the
subdish tilted to its 2°- off -axis position. Comparison of these patterns with
the patterns measured for the symmetrical geometry does not reveal

significant aberrations such as excessively high sidelobes or beam broadening.

-17-
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IV. SOLAR OBSERVATIONS

Sixteen 3.3 mm observations of the sun were carried out on
February 8, 1966. The observational technique was identical to past obser-
vational techniques (Ref. 1). Eight observations prior to meridian transit
yielded Té /TGT =3.07 L. 16 (p.e.), where l'g 1s the equivalent bilackbody
antenna disc temperature of the sun and T was the equivalent excess noise
temperature of the gas tube at the output of the waveguide switch. The eight
observations following meridian transit yielded T'S /TGT = 3,16 £,03 (p.e.).
Averaging these two values (to allow for the possibility of a uniform rate of
change of atmospheric loss) yielded T'S / Tar = 3.12 £, 08 (p.e.). Calibra-
tion of the equivalent excess noise temperature of the gas tube at the output
of the waveguide switch yielded Ty =1181.3 £11.4 °K. (The gas tube
output passed through a 10-db directional coupler into the main rf path.)
This result then yielded T, = 3683.2 £100.9 °K. The equivalent blackbody

S

disc température of the sun, Tg, is then obtained by dividing T'S by the
beam correction factor (BCF) which was measured to be 0.58 for a solar
radius of 16'15'". The final result of this measurement was Tg = 6378.97
t174.7 °k.

lDuring the eight post-transit observations on February 8, the obser-
vations were also calibrated directly with the hot reference loads that were
used to calibrate the gas tube, which served as a transfer standard. The
results of this calibration techniqge yielded Tg = 6277.6 £230.7 °K.

Following the observations of February 8, the Tucor, Inc. gas tube was

replaced with an ITT, Inc. gas tube. It was expected that the new gas tube

-20-



would provide more stability in the magnitude of the calibration pulses. Then
on five days (February 12, 16, 17, 18, 19) pre- and post-transit observations
were made. A typical set of data is plotted in Figure 13. Averaging and

reduction of the data taken on these five days yielded:

Date Tg (°K) P.E. (°K)
February 12 6372.7 89.5
February 16 6655.3 46.8
February 17 6272.0 41.9
February 18 6190. 2 54.0
February 19 6331.2 90.6

The average of these five values, weighted inversely as the probable error,
is TS = 6375.1 £61.6 K. This value is not far from the 3.2 mm value of
6402 °K (Ref. 6). It should be noted that the probable error quoted is statis-

tical only. It does not include the large uncertainty involved in the determina-

tion of the BCF which brings an additional uncertainty of 7 - 9 %.

-21-
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Figure 13 - 16 February 1966 Solar Data (0857 - 1104 PST)
with "Best-{fit" Straight Line Approximation

t =3,585 1 0,022 (p.e.); =1,083 t o, .e.
TS/TGT 3.585 1 0,022 (p.e.) Lo 08> 0.004 (p.e.)
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V. LUNATION OBSERVATIONS

A series of lunation observations was carried out from the period 4 April
to 10 July. Useful data was obtained on only 23 dates in this period, due to bad
weather and a frequent lack of observing personnel. The observing technique
is similar to that used for a similar experiment (Ref. 1). Calibration proce-
dures were carried out each day, using both an ITT, Inc. and a Tucor, Inc. gas

tube. The calibration technique is also described in Ref. 1.

Since it was necessary to obtain a Beam Correction Factor in order to
convert the antenna temperatures into equivalent blackbody disc temperatures
of the moon, it was necessary to remeasure the antenna gain and pattern. A
slightly higher gain and somewhat narrower beamwidth were measured than

previously.

The resulting lunation curve is plotted in Figure 14. Comparison of this
curve with the previous lunation curve (Figure V-9, p.54, Ref. 1) indicates a
reduced scatter of data points as well as a reduced uncertainty for each data
point. The increased accuracy was obtained by increasing the period of the on-
off cycle and taking more data points. In addition, every data point in Figure
14 is the result of averaging both pre- and post-transit data. The resulting
scatter of the data points in Figure 14 is attributed primarily to changing
atmospheric loss rather than to experimental uncertainty. It is evident that
changes in atmospheric loss during the course of a series of observations can
frequently produce misleading data. The process of averaging pre- and post-

transit data usually results in smoothing the scatter but does not eliminate it.

-23-
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VI. PUBLICATIONS

1. W.V.T. Rusch and C.T. Stelzried, "Observations of the
19 December 1964 Lunar Eclipse at a Wavelength of 3.3

Millimeters'', to be published in the Astrophysical Journal,
April 1967,

2. C.T. Stelzried and W.V.T. Rusch, '"Improved Determination
of Atmospheric Opacity from Radio Astronomy Measurements'!,
to be published in the Journal of Geophysical Research.
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APPENDIX

DIMENSION SUM(4),SUMT(4),DATE(12)
1 READ INPUT TAPE 5,10004DATE
READ INPUT TAPE 5,1001yLO0O0PA,LOUPB,y IPRNT
READ INPUT TAPE 5,1002, THESyDELTHEy THENUM
READ INPUT TAPE 5y1002,PHISsDELPHI PHINUM
READ INPUT TAPE 5510029 THEO,CEPsEyALPHACAYXsCAYZCAYUF

LPRNT=0

LOOPA= (LODPA/2)*2
LOOPB=(LOOPB/2)*2
PI=3.14159265
PI2=6.2831853
PIH=1.5707963
DEG=0.0174532925
RAD=57.2957795
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OQUTPUT TAPE
WRITE OUTPUT TAPE
ALPHA=ALPHA*DEG
THES=THES*DEG
DELTHE=DELTHE*DEG
PHIS=PHIS*DEG
THEO=THEO*DEG
DELPHI=DELPHI*DEG

64540004 DATE

64,5000
645001y THESy DELTHE
64950029 PHISyDELPHI
695003, THEUyCEPyEyALPHA
6950043 CAYXyCAYZyCAYUF

DELTH3=(PI-THEU) /FLOATF(LOOPA)

TEMP=DELTH3*RAD
WRITE UUTPUT TAPE
SINA=SINF(ALPHA)
COSA=COSF (ALPHA)
R1=DELTH3/3.0
JFK=THENUM
LBJ=PHINUM
A=LOUPA

B=L0OOPB
DEL={(B-4.0)/A
"LOOPA=LOOPA+1

DO 900 L=1,yLBJ

6y SOOS,DELTH31TEMP

PHI=PHIS+DELPHI*FLUATF{L-1)

TEMP=PHI*RAD
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
SINP=SINF(PHI}
COSP=COSF (PHI)

DO 800 K=1,JFK

6960004PHI,TEMP
646001
646002

THE=THES+DELTHE*FLOATF{(K-1)

SINT=SINF{THE)
COST=COSF (THE)
CTCP=COST*COSP
DO 30 I=1y4
30 SUMT(I)=0.0
CTSP=COST*SINP
IF(IPRNT) 34,435,334
34 LRUN=1
WRITE OUTPUT TAPE
XCOST,CTCP,THE,DEL
35 LL=1

6y 7000y LRUNy SINAySINPySINT,CTSPyCUSA,CUSP,

~26-



DO 600 J=1,L00PA
FLOAT=J-1
THE3=THEO+DELTH3*F LOAT
NN=B+0«5-DEL*FLOAT
NN=(NN/2)*2
DELPH3=PI2/FLOATF (NN)
R2=DELPH3/3.0
NN=NN+1
SINT3=SINF(THE3)
COST3=COSF(THE3)
Tl=1.0+E*COST3
CAYRO3=-CEP/T1
CAYZ3=CAYRO3*C0OST3
ECOST3=E+COST3
SAECT3=SINA*ECOST3
FTHETA=SINT3/(T1*T1)
R3=FTHETAx*R2
R4=R3%2,0
R5=R3%4,.,0
00 40 I=1,4
40 SUM(I)=0.0
IF(IPRNT) 41942941
41 LRUN=2
TEMP=DELPH3*RAD
WRITE OUTPUT TAPE 697001y LRUNyTHE3sT1yCAYRU34yR3,ySINT3,ECOST3,
XCAYZ3,R44COST3ySAECT3,FTHETAJR5yDELPH3 yTEMP
42 KK=1
DO 400 I=14NN
PHI3=DELPH3*FLOATF(I=1)
SINP3=SINF(PHI3)
COSP3=COSF(PHI3)
ST3CP3=SINT3*COSP3
ST3SP3=SINT3%*SINP3
CAYX3=CAYRO3*ST3CP3
CAYY3=CAYRO3*ST3SP3
CAYX1=CAYX3*COSA-CAYZ3%=SINA=-CAYX
CAYY1=CAYY3
-CAYZ1=CAYX3*SINA+CAYZ3*COSA-CAYZ
T2=CAYX1x%2+CAYY 1*x*
CAYRO1=SORTF(T2+CAYZ 1%*%2)
T3=SQRTF(T2)
THE1=PI~ATANF(T3/ABSF(CAYZ1))
PHI1=ACOSF(ABSF(CAYX1)/T3)
IF(CAYX1)70450,450
50 IF(CAYY1)60,100,100
60 PHI1=P[2-PHI1
GO TO 100
70 IF{CAYY1)80,90,90
80 PHIl=PI+PHI1
GO TO 100
90 PHI1=PI-PHI1
100 CAYX2=CAYX1
CAYYZ2=CAYY1
CAYZ2=CAYZ1+CAYOQOF
CAYROZ2=SQRTF(T2+CAYZ2%x%x2)
IF(CAYZ2)110,130,120 .
110 THE2=PI-ATANF(T3/ABSF(CAYZ2))
GO TO 140
120 THEZ2=ATANF(T3/CAYZ2)
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GO TO 140
130 THE2=PIH
140 PHIZ2=PHI1
CC=COSA®*ST3CP3-SINA*ECUST3
DD=ST3SP3
EE=SINA%®ST3CP3+COSA*ECUST3
SINT1=SINF(THEL)
COST1=CUSF(THE1)
SINPI=SINF(PHI1)
COSP1=COSF(PHI1)
FF=(1.0+COSTL1)*SINP1*CUSP1
GG=CUST1*SINP1*SINP1-COSP1*COSP1
HH==SINT1*SINP1
T4=DD*HH-EE*GG
TS5=EE*FF-CC%*HH
T6=CC*GG-DD*FF
AM=T4%CTCP+T5*%CTSP-T6XSINT
AN=T5%COSP=-T4*SINP
CALL OPTION{THE1lyANS,L)
AA=ANS
CALL OPTION{THELl1,ANS,L)
BB=ANS
T7=CAYR03/CAYRO1
Gl=TT7%*AM
G2=TT7*AN
T8=COSF(PHI-PHIZ)
TO9=SINT*SINF{(THEZ2)
S1=COST*COSF(THEZ2)
H=CAYRO2*%(T9*T8+S1)-CAYRO1
SINH=SINF (H)
COSH=COSF (H)
S2=AA%COSH-BB*SINH
S3=BB*COSH+AA®*SINH
IF(I=-LOOPB) 170452004170
170 GO T0(200,22049240) 9KK
200 SUM(1)=SUM(1})+G1*S2
SUM{2)=SUM(2)+G1*S3
SUM(3)=SUM(3)+G2*%S2
SUM(4)=SUM(4)+G2*S3
KK=3
GO TO 300
220 SUM(1)=SUM(1})+G1*S2%2.0
SUM(2)=SUM(2)+G1*%*S3%2.,0
SUM(3)=SUM(3)+G2%S2%2 40
SUM(4)=SUM(4)+G2*%S3%2.0
KK=3
GO TU 300
240 SUM(1)=SUM(1)+G1*S2%4,.,0
SUM(2)=SUM(2)+G1%S3%4,0
SUM(3)=SUM(3)+G2%S52%4,0
SUM(4)=SUM(4)+G2%S3%4,0
KK=2
300 IF(IPRNT)305,400,4305
305 LRUN=3
WRITE QUTPUT TAPE 64 7002yLRUNyPHI3 s THEL sSINT1sCAYXLySINP3,THEZ,
XCOST1,CAYY1,COSP34PHI1,SINP1,CAYZ1
WRITE OQUTPUT TAPE 697003,5T3CP3,PHIZ2+CUSPL,yT24ST3SP34CAYX3,
XCAYY33T39T44T5,T6,T7
WRITE OUTPUT TAPE 6470049T89T9951952953,CAYX2yCAYROLyAAsH,
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XCAYY2,G1,88B
WRITE OUTPUT TAPE 64570059 SINHyCAYZ2,G24CCHyCUSHyAM,y A,y
XDDyEE+FF 4GGyHHy CAYROZ2
WRITE OUTPUT TAPE 6,70065SUM(L)ySUM(2)SUM(3),SUM(4),
XSUMT (1) SUMT(2) 9y SUMT(3) 9 SUMT(4)
LPRNT=LPRNT+1
IF(LPRNT-IPRNT) 400,40049310
310 IPRNT=0
400 CONTINUC
IF(J-LO0OPA) 42049440, 420
420 GO TO(440,4604480)yLL
440 SUMT(1)=SUMT(1)+SUM(1)*R3
SUMT (2)=SUMT(2)+SUM(2)*R3
SUMT(3)=SUMT(3)+SUN{3)*R3
SUMT (4 )=SUMT(4)+SUM(4)*R3
LL=3
GO TOU 600
460 SUMT(1)=SUMT(1)+SUM(1)*R4
SUMT(2)=SUMT(2)+SUM(2)%R4
SUMT (3)=SUMT(3) +SUM{ 3) *R4
SUMT (4 )=SUMT( &) +SUM(4) *R4
LL=3
GO TO 600
480 SUMT(1)=SUMT(1)+SUM(1)*R5
SUMT(2)=SUMT(2)+SUM(2)*R5
SUMT(3)=SUMT(3)+SUM(3)}*R5
SUMT (4 )=SUMT( 4)+SUM(4)*R5
LL=2
600 CONTINUE
DO 650 I=14+4
650 SUMT(I)=SUMT(I)=*R1
TEMP=THE*RAD
T1=SQRTF{SUMT{1)%%2+SUMT(2)%%2)
T2=SQRTF (SUMT(3) %% 2+SUMT (4)*%*2)
WRITE QUTPUT TAPE 646003, THE, TEMP,SUMT(1)ySUMT(2)4,TLySUMT(3),
XSUMT (4) 4T2 .
800 CONTINUE
900 .CONTINUE
GO TOU 1
1000 FORMAT(12A6)
1001 FORMAT(1415)
1002 FORMAT(7F10.0) -
4000 FORMAT(1H1430X412A6)
5000 FORMAT(39HOINPUT PARAMETERS AND CONTROL CUNSTANTS)
5001 FORMAT(7HOTHETA=F12.,548H DEGREESy 10Xy LOHINCREMENT=F1245)
5002 FORMATISH PHI=F12.5,8H DEGREES, 12Xy LOHINCREMENT=F12.5)
5003 FORMAT(10HOTHETA(Q)=F1245y10Xy3HKEPsOXy1H=;F12:54 10X IHE 18Xy iH=,

XF12¢5910Xy 10HALPHA =F12.5)

5004 FORMAT(3H KXy6X91lH=F12¢5,10X92HKZ 9 TXy1H=F12.5910X y3HKOF 46X,
X1H=F12.5)

5005 FORMAT(21HOOUTER INTEGRAL STEP=F1245,10H RADIANS =Fi12.598H DEGREES
X)

6000 FORMAT (5H1PHI=F12+5+9H RADIANS=F12.5,8H DEGREES)

6001 FORMAT(1HOy13Xy5HTHETA, 31Xy 7THE THETA,40Xy5HE PHI)

6002 FORMAT(1HO»5Xy THRADIANSy8Xy THDEGREES 9 L1 X3 4HREAL y6 X3y 9HIMAGINARY 96X,
X9HMAGNI TUDE 3 11Xy 4HREALy 6Xs9HIMAGINARY y 6 Xy GHMAGNITUDE/1H )

6003 FORMAT (8F15.8)

7000 FORMAT(1HO,I1244XsTHSINA =F1l5.8,y8X, THSINP =F15.898X,THSINT =F15,
X898XyTHCTSP =F15,8/7XsTHCOSA =F15.,8,8XyTHCOSP =Fi5.8,8X,7THCOST
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X =F15.898Xy7THCTCP =F15.8/7X, THTHE =F15.8498X, THUEL =F15.8)

7001 FORMAT(1HO+12y4XeTHTHE3 =F15.8y8Xy THT1 =F15.898x,7THCAYRO3=F15,
XB 98Xy THR3 =F15.8/TXy THSINT3 =F15898Xs THECUST3=F1b.8,8X,7THCAYZ3
X =F15.848X,7THR4 SF15e8/TX9THCUSTS3 =F1l5.8yBXyTHSAELT3=F15.8y8X,
XTHFTHETA=F15.898X37HRS =Flb5.8/7TXy THDELPH3=F1l5.8y8Xy7THIN DEG=F15
Xe8)

7002 FORMAT(LIHO$I1294XyTHPHI3 =F15.898Xy THTHEL =F15.8y8Xx937THSINT1 =F15.
X898XyTHCAYX1 =F15.8/7TXy THSINP3 =F15e898XyTHTHEZ =F15+8:8X,7HCUSTI1
X =F15eB8 98Xy TACAYYL =FLE_8/7X.THCIISP3 =F15.048XsTHPHIL =F15.8,8X,
XTHSINPL =F15.848Xy7HCAYZ1 =Flb.8)

7003 FORMAT(7X9aTHST3CP3=F154848X, THPHIZ =F15.8,8Xy7THCUSFL =F15.8,48X,7TH
XT2 SF1568/7TXy THST3SP3=F15.898Xs THCAYX3 =F15.8y8Xy (HCAYY3 =F15.8
X,8X,7HT3 =F15.8/7X)7HT4 =F15.578Xy7HT5 =F15-8’5X,7HT6
X=F15.848X,y7THT7 =Fl5.8)

7004 FORMAT(7Xs7HTS8 =F15.8498X,7HT9 =F15.8,8XsTHS] =F15.898Xy7TH
XS2 =F1548/7X47THS3 =F15.898Xy THCAYX2 =F15.8,8X,7THCAYRU1=F15.8
X 98Xy THAA =F15.,8/7Xs THH =F15.898Xy7THCAYYZ =F15.848X,47THG1
X=F15.8,8X,y7HBB =F15.8)

7005 FORMAT(T7Xy7THSINH =F15.8,8XyTHCAYZ2 =F15.8 48X, THG2 =F15.84y8Xy7H
XCC SF158/7XyTHCUSH =F15.898Xy THAM =F15.898X,y7THAN =F15.8
X 98Xy 7THDD =F15.8/7Xy THEE =F15.898XyTHFF =SF15+898X 4y THGG
X=F15.8 98Xy 7THHH =F15.8/7Xy THCAYRUZ2=F1b.8)

7006 FORMAT(TXs7HSUM 1=F15.8,8Xs7THSUM 2=F15.838X,THSUM 3=F15.848X,7TH
XSUM  4=F15.8/7TXyTHSUMT 1=F15.89y8Xy THSUMT 2=F15848X, THSUMT 3=F15.8
X98X 9y THSUMT 4=F15.8)

END
SUBRUOUTINE OPTION(X,Y,yL)
Y=0.0
IF{X=3.14159265)10,10,30
10 IF(X-2.966889)30420,20
20 Y=1.0
30 RETURN
END
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